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(57) Disclosed Is a wavelength division multiplexing 
passive optical network (WDM PON) system In which 
an optical signal outputted from a central office is inject- 
ed into a Fabry-Perot laser diode (F-P LD) as the light 
source of an optical network unit, so that the output 
wavelength of the optical network unit Is Injection-locked 
at the same wavelength as that of the optical signal out- 
putted from the central office, thereby enabling the op- 
tical network unit to output an optical signal having the 
same wavelength as that of the optical signal outputted 
from the central office. In accordance with this system, 
it is possible to transmit and receive forward and bacl<- 
ward data at the same wavelength by the unit of chan- 
nels. Since inexpensive F-P LDs are used as respective 
light sources of the central office and optical network 
units, it is possible to efficiently and economically imple- 
ment a WDM PON system. 
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Description 

BACKGROUND OF THE INVENTION 
Field of tiie Invention 

[0001] The present Invention relates to a wavelength 
division multiplexing (WDM) passive optical networl< 
system, and more particularly to a WDiVI passive optical 
networi< system In which forward and backward chan- 
nels have the same wavelength. 

Description of the Related Art 

[0002] Recently, demand for broadband multimedia 

services and high-speed and large-capacity Internet 
services has abruptly increased, in order to provide, to 
subscribers, such broadband multimedia services and 
high-speed and large-capacity internet services, It is 
necessary to construct a networi< architecture based on 
an optical network. Recently, interest in an optical net- 
work directly connected to optical network units (ONUs), 
using optical fibers, has also increased in order to pro- 
vide broadband services to subscribers. 
[0003] In order to construct an effective and econom- 
ical optical network, active research Into passive optical 
networks (PONS) has also recently been conducted. A 
passive optical network Is a system in which a central 
office (CO), that is, a service provider, and ONUs, that 
Is, service demanders, are connected only by passive 
optical elements. 

[0004] In such a PON, typically, the connection be- 
tween the central office and a remote node installed In 
an area adjacent to subscribers is achieved using a 
trunk fiber, whereas the connection between the remote 

node and each GNU is achieved using a distribution fib- 
er. In order to minimize the total length of optical fibers 
used In the PON. 

[0005] Such a PON has various advantages in that it 
Is possible to reduce the Initial installation costs while 
easily carrying out the maintenance and repair of the 
PON because the total length of optical fibers used In 
the PON is minimized, and subscribers share passive 
optical elements. By virtue of such advantages, use of 
such a PON Is greatly Increasing, In particular, 
WDM-PON is being highlighted as a next-generation 
optical network meeting the Information age in future be- 
cause it can provide a large quantity of Information to 
each subscriber while maintaining a high security and 
easily achieving an Improvement in performance. 
[0006] Fig, 1 Is a schematic diagram Illustrating the 
configuration of a general WDM PON system. 
[0007] in the WDK^ PON shown in Fig. 1, different 
wavelengths to Xf^ are assigned to respective ONUs 
300 by a central office 1 00 so that the central office 1 00 
can simultaneously transmit data to the ONUS 300 
through a single optical communication line. Respective 
ONUS 300 can also transmit data, using different wave- 



lengths Xf^_^f to A.2N assigned thereto, respectively. 
[0008] in order to assign different wavelengths to re- 
spective subscribers, this WDM PON should be 
equipped with light sources respectively adapted to pro- 

5 vide different wavelengths corresponding to respective 
assigned wavelengths, in particular, the central office 
100 and ONUS 300 should use, as their light sources, 
expensive light sources such as distributed feedback la- 
ser diodes having a very narrow spectrum width, in order 

10 to minimize interference between adjacent wavelengths 
(channels). 

[0009] Since such a conventional WDM PON uses 
light sources having a very narrow spectrum width, it is 
also necessary to use an additional device such as a 

15 temperature stabilizer or a current stabilizer, in order to 
stabilize oscillating wavelengths. Also, such a conven- 
tional WDM PON uses fon/vard and backward channels 
of different wavelengths. For this reason, It Is necessary 
to install multiplexers and demultiplexers for forward 

20 and backward optical signals, respectively. As a result, 
there is a problem of high system construction costs. 
[0010] In order to solve this problem, research has 
been conducted into economically constructing a WDM 
PON using commercially-available, Inexpensive optical 

25 elements, and there are some associated research re- 
ports. 

[001 1 ] For example, there is a research report entitled 
"A low cost WDiVI source with an ASE Injected Fabry- 
Perot semiconductor laser", IEEE Photonics Technolo- 

30 gy Letter, Vol. 12, no. 11, pp. 1067-1 069, 2000. This re- 
search report discloses a method for economically im- 
plementing an optical network system by using an ASE 
(Amplified Spontaneous Emission) and an inexpensive 
Fabry-Perot laser diode (F-P LD) as respective light 

35 sourcesofacentraiofficeandeachONU. inaccordance 
with this method, an ASE outputted from the central of- 
fice is injected into the F-P LD of the ONU to lock the 
output wavelength of the F-P LD at the same wave- 
length as that of the ASE (Hereinafter, this operation is 

40 referred to as "injection locking".). As a result, the F-P 
LD can oscillate In a single mode, as a distributed feed- 
back laser diode. 

[0012] However, this method has a drawback in that 
the central office should be equipped with a separate 

45 light source for generating an ASE, 

[0013] There is another research report entitled "Up- 
stream traffic transmitter using injection-locked Fabry- 
Perot as modulator for WDiVI access networks", Elec- 
tronics Letters, Vol. 38, No, 1 , pp. 43-44, 2002. This re- 

50 search report discloses a method for economically im- 
plementing an optical network system using a distribut- 
ed feedback laser diode (DFB LD) and an F-P LD as 
respective light sources of a central office and each 
ONU. In accordance with this method, the ONU receives 

55 an optical signal outputted from the DFB LD to use a 
part of the received optical signal for signal detection 
while using the remaining part of the received optical 
signal for injection locking. 
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[0014] However, this method has a drawback in that 
the DFB LD used as the light source of the centrai office 
is expensive. Thus, the above mentioned methods have 
drawbaclcs to be solved. 

[0015] Meanwhile, the physical topology of an optical 

network Is selected from a ring type, a bus type, and a 
startype, upon designing the optical network In accord- 
ance with an application oftheopticai network. The con- 
cept corresponding to the physical topology of an optical 
network Is a logical topology. This logical topology Is al- 
so selected from a ring type, a bus type, and a star type 
In accordance the physical and logical connection states 
of constitutive elements In the optical network. As com- 
pared to other types, the ring type topology has been 
recognized as exhibiting a satisfactory reliability in back- 
bone networks because It can perform a self-healing 
function even when system switching occurs due to any 
disaster or accident. 

[0016] Early developed WDM ring architectures are 
unidirectional. In order to implement a bi-dlrectionai ar- 
chitecture, using such a WDM ring architecture, there- 
fore. It is necessary to use a double fiber Recently re- 
search on single fiber bl-dlrectlonal ring networks has 
been conducted, in accordance with the research, sin- 
gle fiber bi-directional ring networks are Implemented 
using bi-directional add/drop modules (B-ADIV^s) of a 
new type (disclosed in, for example, C. H. KIM et al., 
"Bi-directionai WDM Self-IHealing Ring Network Based 
on Simple Bi-directionai Add/Drop Amplifier Modules"; 
and Y, Zhao et al., "A Novel Bi-dlrectlonai Add/Drop 
Module for Single Fiber Bl-dlrectlonal Self-healing 
Wavelength Division Multiplexed Ring Networks"). 
[0017] That is, conventional systems having a self- 
healing function use a double fiber ring architecture. 
When system switching occurs due to fiber switching In 
such a system, the path defined between nodes at op- 
posite ends of the switched fiber in the system Is by- 
passed over the self-healing fiber by an active element. 
Thus, the switched system can be self-healed. 
[001 8] However, the above mentioned single fiber bi- 
directional ring networks using B-ADMs is complex and 
expensive while having a problem in that new type op- 
tical elements should be used. Accordingly, it Is neces- 
sary to develop a ring type WDM PON system capable 
of having a seif-healing function by use of add/drop el- 
ements having the same wavelength for forward and 
backward optical signals, in place of complex optical el- 
ements. 

[0019] Meanwhile, In the case of a transmission net- 
work constructed using a WDM PON system, it Is nec- 
essary to perform an add/drop function at each node of 
the transmission network. Add/drop elements typically 
used in a WDM system to perform such an add/drop 
function operate to drop a wavelength signal of a partic- 
ular channel, and then to add, to the channel, another 
signal having the same wavelength as the dropped 
wavelength signal. Such an add/drop element Is widely 
used for separation and addition of a particular channel 



in WDM systems. The add/drop element may be imple- 
mented as one of various types, for example, a 
waveguide type, a micro-optic type using a thin film filter, 
or a fiber type. 

s [0020] Generally, a multi-layer dielectric filter is used 

for WDM filters of a mIcro-optIc type. That Is, such a mi- 
cro-optic type WDM filter can pass a signal of a partic- 
ular band while reflecting a signal of another particular 
band because It employs a muiti-layerthin film structure. 
10 Also, this filter basically has reversible operation char- 
acteristics. 

[0021] In conventional WDM systems, the operation 
principle of the 4-port add/drop device Is frequently used 
to separate an optical signal of a particular wavelength 

15 from fonward or backward optical signals of different 
wavelengths traveling through an optical signal, or to 
add the optical signal to the forward or backward optical 
signals (here, the reflected optical signal may be used 
for transmission whereas the transmitted optical signal 

20 for reception). Thus, the above mentioned conventional 
WDM-PON systems use different channel wavelengths 
for up and down-links. Conventional PON architectures 
are advantageous In the case in which subscribers are 
concentrated on one area because they use a star to- 

25 pology However, these PON architectures exhibit less 
gain in terms of fiber installation costs in the case in 
which the distance between subscribers is long. 
[0022] In other words, the star type distribution PON 
architecture is an architecture capable of considerably 

30 reducing the fiber installation costs, as compared to 
point-to-point systems, underthe condition in which it is 
assumed that subscribers are distributed in a concen- 
trated state. However, this architecture exhibits less 
gain relating to a reduction In fiber installation costs. In 

35 particular, the advantage obtained In accordance with 
use of the PON architecture having a conventional dis- 
tribution network type is reduced as the PON architec- 
ture Is similar to a MAN architecture such as a metro 
Ethernet, a backbone architecture, or a backbone net- 

40 work. Therefore, It Is also necessary to develop a sys- 
tem capable of solving this problem. 

SUMMARY OF THE INVENTION 

45 [0023] The present Invention has been made in view 
of the above mentioned problems, and an object of the 
invention is to provide a WDM passive optical network 
(PON) system capable of achieving transmission and 
reception of forward and backward data at the same 

50 wavelength while using Inexpensive Fabry-Perot laser 
diodes (F-P LDs) as respective light sources of acentral 
office and each ONU, so that it can be inexpensively 
implemented. 

[0024] Another object of the invention is to provide a 
55 singlefiber bi-directionai WDM PON system a single fib- 
er bi-directionai ring type WDM PON system which use 
the same wavelength for forward and backward optical 
signals at each channel while having a self-healing func- 
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tion by use of add/drop elements. 
[0025] Another object of the invention is to provide a 
bus type WDM PON system capable of using tine same 
wavelength for forward and backward optical signals by 
use of one WDIVI element, thereby reducing the multi- 
plexing/demultiplexing costs by half, as compared to 
conventional WDM systems. 

[0026] In accordance with the present invention, 
these objects are accomplished by providing a wave- 
length division multiplexing passive optical network 
(WDM PON) system in which an optical signal outputted 
from a central office is injected into a Fabry-Perot laser 
diode (F-P LD) as the light source of an optical network 
unit, so that the output wavelength of the optical network 
unit is injection-locked at the same wavelength as that 
of the optical signal outputted from the central office, 
thereby enabling the optical network unit to output an 
optical signal having the same wavelength as that of the 
optical signal outputted from the central office. 
[0027] In accordance with one aspect, the present in- 
vention provides a wavelength division multiplexing 
passive optical network (WDM PON) system compris- 
ing: a central office for generating optical signals of dif- 
ferent wavelengths, multiplexing the generated optical 
signals, and outputtmg the resultant multiplexed optical 
signal to an optical communication line, the central office 
receiving an optical signal having the same wavelengths 
as those of the generated optical signals, and demulti- 
plexing the received optical signal; a remote node for 
demultiplexing the optical signal transmitted from the 
central office via the optical communication line, and 
outputting the resultant demultiplexed optical signals to 
distributed optical communication lines, respectively, 
the remote node multiplexing optical signals respective- 
ly transmitted from the distributed optical communica- 
tion lines, and outputting the resultant multiplexed opti- 
cal signal to the optical communication line; and a plu- 
rality of optical network units for receiving the optical sig- 
nals transmitted from the remote node via the distributed 
optical communication lines, respectively, each of the 
optical network units generating an optical signal having 
the same wavelength as that of the optical signal re- 
ceived thereto, and transmitting the generated optical 
signal to the remote node through an associated one of 
the distributed optical communication lines, 
[0028] In accordance with another aspect, the present 
invention provides a ring type wavelength division mul- 
tiplexing passive optical network (WDM PON) system 
comprising: a central office including a first multiplexer/ 
demultiplexer adapted to perform a multiplexing/demul- 
tiplexing operation for normal signals to be used in a 
nomnai state, and a second multiplexer/demultiplexer 
adapted to perfonn a multiplexing/demultiplexing oper- 
ation self-healing signals to be used for a self-healing 
purpose, the central office generating optical signals of 
N different wavelengths, each of the first and second 
multiplexers/demultiplexers multiplexing the generated 
optical signals, and transmitting the resultant multi- 



plexed optical signal to optical network units through a 
single optical fiber, while demultiplexing a multiplexed 
optical signal received from the single optical fiber, 
thereby detecting data generated from the optical net- 

5 work units; and remote nodes respectively including bi- 
directional add/drop devices connected to respective 
optical network units, the remote nodes establishing a 
ring type distribution network in cooperation with the first 
and second multiplexers/demultiplexers of the central 

10 office, each of the bi-directional add/drop devices in- 
cluding first and second WDM filters respectively having 
opposite signal travel directions, the first WDM filter per- 
forming an add/drop operation for associated ones of 
the normal signals, the second WDM filter performing 

15 an add/drop operation for associated ones of the self- 
healing signals. 

[0029] In accordance with another aspect, the present 
invention provides a bus type wavelength division mul- 
tiplexing passive optical network (WDM PON) system 

20 including a central office, and a remote node connected 
to the central office via a single optical fiber while being 
connected to a plurality of optical network units via op- 
tical fibers, respectively, wherein the central office gen- 
erates optical signals of N different wavelengths, multi- 

25 plexes the generated optical signals through a multi- 
plexer, transmits the resultant multiplexed optical signal 
to the remote node through the single optical fiber, re- 
ceives a multiplexed optical signal from the remote 
node, and demultiplexes the received multiplexed opti- 

30 cal signal through a demultiplexer, thereby detecting da- 
ta generated from the optical network units; and wherein 
the remote node includes bi-directional add/drop ele- 
ments connected to respective optical network units, 
thereby establishing a bus type distribution network, 

35 each of the bi-directional add/drop elements drops an 
optical signal having a selected wavelength from optical 
signals of N different wavelengths inputted to an input 
port thereof, to a drop port thereof in accordance with a 
reflection operation thereof, and transmits the optical 

40 signals of the remaining wavelengths through an output 
port thereof, while reversibly reflecting an optical signal 
having the selected wavelength inputted to the drop port 
toward the input portto outputthe reflected optical signal 
to the central office. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The above objects, and otherfeatures and ad- 
vantages of the present invention will become more ap- 
50 parent after reading the following detailed description 
when taken in conjunction with the drawings, in which: 

Fig. 1 is a schematic diagram illustrating the config- 
uration of a conventional WDM PON system; 
55 Fig. 2 is a schematic diagram illustrating the config- 
uration of a WDM PON system according to an em- 
bodiment of the present invention; 
Fig. 3 is a schematic diagram illustrating the conf ig- 



55 
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uration of a WDM PON system according to another 

embodiment of the present invention; 
Fig. 4 is a schematic diagram illustrating the basic 
configuration of a general 4-port add/drop device; 
Fig. 5 Is a schematic diagram illustrating the config- 
uration of an add/drop device in accordance with an 
embodiment of the present invention; 
Fig. 6 is a schematic diagram illustrating the config- 
uration of a bl-dlrectlonal single fiber ring type WDM 
PON system according to the present Invention in 
which the add/drop device of Fig. 5 is used; 
Fig. 7 is a schematic diagram Illustrating the config- 
uration of a 3-port add/drop device in accordance 
with another embodiment of the present Invention; 
and 

Fig. 8 is a schematic diagram Illustrating the config- 
uration of a bus type WDM PON system using the 
3-port add/drop device of Fig. 7 In accordance with 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] Now, the configuration and operation of a 
WDM PON system according to the present invention 
will be described in detail with reference to the annexed 
drawings. 

[0032] Fig. 2 Is a schematic diagram Illustrating the 
configuration of a WDM PON system according to an 
embodiment of the present invention. The Illustrated 
system configuration Is applicable to the case in which 
forward and backward signals have the same wave- 
length. As shown In Fig. 2, the system according to the 
embodiment of the present Invention includes a central 
office (CO) 10, a remote node (RN) 20, and a plurality 
of oplical networl< units (ONUs) 30. Each ONU 30 Is con- 
nected to the central office 10 via optical links. 
[0033] When the central office 1 0 receives optical sig- 
nals of different particular wavelengths A.,, A^, it 
multiplexes the received optical signals, and transmits 
the multiplexed optical signal to the remote node 20. The 
remote node 20 demultiplexes the multiplexed optical 
signal received from the central office 10, and outputs 
the demultiplexed optical signals of different particular 
wavelengths X^, ...Xm to respective ONUS 30. The 
ONUs 30 are configured to receive respective demulti- 
plexed optical signals of different particular wavelengths 
X,, Xg, ...Xn transmitted from the remote node 20. 
[0034] On the other hand, when the ONUs 30 transmit 
respective optical signals of different particular wave- 
lengths X■^, ...A-nj to the remote node 20, this remote 
node 20 multiplexes the optical signals received thereto, 
and transmits the multiplexed optical signal to the cen- 
tral office 10. The central office 10 demultiplexes the 
multiplexed optical signal received from the remote 
node 20, and outputs the demultiplexed optical signals 
of different particular wavelengths X-^, X2, ...Xfi- 
[0035] The central office 1 0 includes a plurality of first 



transmitters 11 for outputting optical signals of different 
particularwavelengthsA..|, A.2, ...X^, a plurality of first re- 
ceivers 1 2 for receiving optical signals respectively hav- 
ing the same wavelengths as those of the optical signals 

5 outputtedfrom the first transmitters 1 1 , that is, the wave- 
lengths X.,, Xj, ...Xfj, and a plurality of optical splitters 13 
for distributing optical signals, transmitted from the re- 
mote node 20, to both the first transmitters 11 and the 
first receivers 12. The central office 10 also includes a 

<o first WDM muitiplexer/demultiplexer (MUX/DEMUX) 14 
for multiplexing the optical signals of wavelengths X^, 
Xg, ...Xfj respectively received from the first transmitter 
11, while demultiplexing a multiplexed optical signal of 
wavelengths X^^Xz'- '^n received from the remote node 

15 20. 

[0036] The remote node 20 includes a second MUX/ 
DEMUX 21 . This second MUX/DEMUX 21 receives the 
multiplexed optical signal of wavelengths X-^, Xg, ...X^ 
from the central office 10, demultiplexes the received 

20 optical signal, and then transmits the demultiplexed op- 
tical signals of wavelengths X^, Xg, ...X|>j to respective 
ONUs 30. The second MUX/DEMUX 21 also receives 
optical signals of wavelengths X.,, X2,...X|^ from respec- 
tive ONUS 30, multiplexes the received optical signals, 

25 and then transmits the multiplexed optical signal of 
wavelengths X^, Xg, ...X^j to the central office 10. 
[0037] Respective ONUs 30 include a plurality of sec- 
ond transmitters 31 for transmitting optical signals hav- 
ing the same wavelengths as those of the optical signals 

30 transmitted from the first transmitters 1 1 , that is, wave- 
lengths X^, X2, ...X|vj. respectively, a plurality of second 
receivers 32 for receiving optical signals of wavelengths 
X^, X2, ■■■^1 transmitted from the remote node 20, and 
a plurality of second optical splitters 33 for distributing 

35 the optical signals of wavelengths X^.Xa, ,..X|vj, transmit- 
ted from the remote node 20, to both the second trans- 
mitters 31 and the second receivers 32. 
[0038] In order to implement an inexpensive system, 
inexpensive Fabry-Perot laser diodes (F-P LDs) are 

40 used as respective light sources of the transmitters, in 
place of expensive distributed feedback laser diodes re- 
quiring a strict wavelength stability. In accordance with 
the present invention. 

[0039] The operation of the WDM PON system ac- 
*5 cording to the Illustrated embodiment of the present in- 
vention will now be described in conjunction with the 
case in which F-P LDs are used as respective light 
sources of the first and second transmitters 1 1 and 31 
respectively included in the central office 1 0 and each 
50 ONU 30. 

[0040] First, the operation of the WDM PON system 
associated with a forward signal traveling from the cen- 
tral office 1 0 to the ONUs 30 will be described. When 

incoherent light of a narrow band, for example, a wave- 
55 length X^ , is injected into an F-P LD as the light source 
of an associated one of the first transmitters 1 1 , the F-P 
LD, which has a plurality of oscillating modes, oscillates 
in a mode corresponding to the wavelength of the inject- 
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ed light while suppressing its oscillation In other modes. 
Accordingly, the output wavelength of the F-P LD is 
locked at the wavelength of the injected light (this phe- 
nomenon is called "injection locking"). In such a manner, 
the first transmitters 1 1 of the central office 1 0 generate 
optical signals of different particular wavelengths, for ex- 
ample, wavelengths X-^, X2, ...Xf^, in accordance with 
their particular oscillating modes, respectively, and 
transmit the generated optical signals to respective first 
optical splitters 13. The optical signals of wavelengths 
X-f, X2, ...Im outputted from respective first transmitters 
11 are inputted to the first IVIUX/DEMUX 14 via respec- 
tive first optical splitters 13. The first MUX/DEMUX 14 
multiplexes the optical signals of wavelengths A,^, A^, ... 
Xf^, and then transmits the multiplexed optical signal of 
wavelengths X^, ^, ...Xf^ to the remote node 20. 
[0041] When the multiplexed optical signal of wave- 
lengths X-f. X2, ...Xf^ is inputted to the remote node 20, 
the second MUX/DEMUX 21 of the remote node 20 de- 
multiplexes the multiplexed optical signal of wave- 
lengths X^, X2, ...Xf^, and then the demultiplexed optical 
signals of wavelengths X^, X2, ...Xf^ to respective ONUs 
30. 

[0042] When an optical signal of a particular wave- 
length, for example, a wavelength X■^, is inputted to the 
second optical splitter 33 of an associated ONU 30^ the 
second optical splitter 33 distributes the optical signal 
of the particular wavelength, that is, the wavelength X-^, 
to both the associated second transmitter 31 and the 
associated second receiver 32. The second receiver 32 
receives the optical signal of the associated particular 
wavelength, that is, the wavelength X-^ , transmitted from 
the associated second optical splitter 33. Meanwhile, 
when the optical signal of the particular wavelength, that 
is, the wavelength X^ , from the associated second opti- 
cal splitter 33 is injected into the associated second 
transmitter 31 , the F-P LD included in the second trans- 
mitter 31 as a light source is injection-locked at the par- 
ticular wavelength, that is, the wavelength 1,. Accord- 
ingly, the output wavelength of the F-P LD is locked at 
the wavelength of the injected optical signal, that is. at 
the same wavelength as that of the optical signal re- 
ceived from the central office 1 0. In such a manner, re- 
spective second transmitters 11 of ONUs 30 can trans- 
mit optical signals respectively having the same wave- 
lengths as those of the optical signals transmitted from 
the central office 1 0. 

[0043] Next, the operation of the WDM PON system 

associated with a backward signal traveling from the 
ONUs 30 to the central office 1 0 will be described. This 
operation is carried out in the reverse order to that of 
the above described operation carried out for a forward 
signal, Since the F-P LD of the second transmitter 31 
included in each ONU 30 is locked at the same wave- 
length as that of the optical signal received from the cen- 
tral office 1 0, for example, a wavelength X^, the second 
transmitters! generates an optical signal of the locking 
wavelength, for that is, the wavelength X^. Thus, the 



second transmitters 31 of respective ONUs 30 transmit 
optical signals of different particular wavelengths, for ex- 
ample, wavelengths X-^, X^, ...X^ to the remote node 20. 
Then, the second MUX/DEMUX 21 of the remote node 
5 20 multiplexes the optical signals of wavelengths X-^, 
X2, ...Xff, and subsequently transmits the multiplexed 
optical signal of wavelengths X-^, X2, . .Ifj to the central 
office 10, 

[0044] When the multiplexed optical signal of wave- 

10 lengths A-|, Xg, ...XN is inputted to the central office 10, 
the first MUX/DEMUX 14 of the central office 10 demul- 
tiplexes the multiplexed optical signal of wavelengths 
A-i, X2. . .^nj, and then the demultiplexed optical signals 
of wavelengths X^, X2. ...X,^ to respective first splitters 

15 13. When each first splitter 1 3 receives the optical signal 
of the associated particular wavelength, for example, a 
wavelength X-^ , It distributes the optical signal to both the 
associated first transmitter 11 and the associated first 
receiver 12. Thefirst receiver 12 receives the optical sig- 

20 nal of the associated particular wavelength, that is, the 
wavelength X■^ , transmitted from the associated first op- 
tical splitter 13, Meanwhile, when the optical signal of 
the particular wavelength, that Is, the wavelength X.^, 
from the associated first optical splitter 1 3 is injected into 

25 the associated first transmitter 11 , the F-P LD included 
in the first transmitter 11 as a light source is injection- 
locked at the particular wavelength, that Is, the wave- 
length X^. Accordingly, the output wavelength of the F-P 
LD is locked at the wavelength of the injected optical 

30 signal, that is, at the same wavelength as that of the 
optical signal transmitted from the associated ONU 30. 
[0045] Thus, it is possible to use the same wavelength 
for transmitting and receiving wavelengths of forward 
and backward channels. For example, both the forward 

35 and backward channels use wavelengths X^ to X,^, Ac- 
cordingly, it is unnecessary to install an additional mul- 
tiplexer/demultiplexer at each of the central office 10 
and remote node 20 for bi-directional transmission. For 
example, although two multiplexers/demultiplexers are 

40 used in each of a central office and a remote node in 
conventional cases in order to transmit forward and 
backward optical signals respectively having different 
wavelengths of, for example, X., to X^ and X^^f to X^, 
the multiplexer/demultiplexer required for transmission 

45 of the optical signals having the wavelengths of X^^.; to 
X2fj is dispensed with in accordance with the present 
invention because both the forward and backward chan- 
nels use the wavelengths X^ to X^. 
[0046] In conventional the WDM PON systems, it is 

50 also necessary to use separate expensive WDM filters, 
for example, the WDM filters 1 30 and 330 in the case of 
Fig. 1 , for splitting of optical signals in the central office 
100 and each ONU 300. However, the optical splitters 
13 and 33, which are inexpensive, are used in place of 

55 the WDM filters, in accordance with the present inven- 
tion. Accordingly, it is possible to implement an inexpen- 
sive WDM PON system. 

[0047] In the illustrated embodiment of the present in- 



6 



11 



EP 1 388 963 A2 



12 



vention, 1x2 optical splitters are used for respective first 
and second optical splitters 13 and 33. In this case, how- 
ever, optical power loss occurs because of the structurai 
characteristics of each optical splitter for splitting an in- 
put optical signal by dividing the optical power of the in- 
put optical signal by 2, thereby outputting split optical 
signals with half-reduced optical power For example, 
forforward optical signals, each optical splitter 13 trans- 
n^lts an optical signal outputted from the associated first 
transmitter 11 to the first MUX/DEMUX 14 in a state of 
dividing the optical power of the optical signal by 2. As 
a result, optical power loss of about 3dB occurs. Simi- 
larly each second optical splitter 33 transmits an optical 
signal outputted from the remote node 20 to both the 
associated second transmitter 31 and the associated 
second receiver 32 in a state of dividing the optical pow- 
er of the optical signal by 2. As a result, optical power 
loss of about 3dB occurs. Thus, total optical power loss 
of about 6dB occurs. In WDM PON systems, however, 
there is no problem caused by such optical power loss 
of about 6dB because the distance between the central 
office and the remote node is typically several km to sev- 
eral ten km, 

[0048] Since optical signals for transmission and op- 
tical signals for reception have the same wavelengths 
in accordance with this embodiment of tho present in- 
vention, there may be a problem caused by near-end 
crosstall<, that is, reflection and re-reception of a trans- 
mitted optical signal at a connecting point between an 
optical fiber and a MUX/DEMUX. For example, there 
may be a problem in that the reflected transmitted opti- 
cal signal is processed as a received optical signal. 
However, this problem caused by the near-end crosstalk 
can be removed by a method typically used in optical 
fibers to prevent reflection of optical signals. For exam- 
ple, there may be a method in which an APC (Angled 
Polished Connector) type connector having a certain in- 
clination at an end thereof is used to adjust the reflection 
angle of a transmitted optical signal, or a method In 
which ajunction where reflection of a transmitted optical 
signal may occur is sliced to prevent reflection of the 
optical signal. 

[0049] Fig. 3 is a schematic diagram illustrating the 

configuration of a WDM PON system according to an- 
other embodiment of the present invention. The system 
configuration of this embodiment is identical to that of 
the embodiment illustrated in Fig. 2, except that a bi- 
directional optical amplifier 40 is installed on an optical 
communication line between the central office 10 and 
the remote node 20 in order to increase the power of 
multiplexed fon/vard and backward channels, thereby in- 
creasing thetransmission distance or rate of the forward 
and backward channels. In Fig. 3, respective constitu- 
tive elements corresponding to those of Fig. 2 are des- 
ignated by the same reference numerals. 
[0050] As shown in Fig. 3, the bi-directional optical 
amplifier 40, which may be, for example, an erbium- 
doped fiber amplifier (EDFA), serves to amplify forward 



and backward optical signals inputted thereto. In ac- 
cordance with this amplification, wide-band noise, that 
is, amplified spontaneous emission (ASE), is generated 
from the bi-directional optical amplifier 40. Such ASE is 

5 handled as noise in conventional WDM PON systems. 
However, in the system of the present invention, since 
optical signals emerging from the bi-directional optical 
amplifier 40 are routed in the unit of wavelengths while 
passing through the first MUX/DEMUX 14 or second 

10 MUX/DEMUX 21 , ASE contained in those optical sig- 
nals is usedforinjection locking of F-P LDs. Accordingly, 
it is possible to simply increase the optical power of for- 
ward and backward optical signals without using any ad- 
ditional devtee, as compared to conventional optical am- 

15 pliflers requiring additional equipment such isolators to 
achieve an improvement in noise characteristics. 
[0051] Meanwhile, in the case of a transmission net- 
work constructed using a WDM PON system, it is nec- 
essary to perform an add/drop function at each node of 

20 the transmission network. In order to perform such an 
add/drop function, an add/drop element is typically 
used. Such an add/drop element is used in WDM sys- 
tems to drop an optical signal of a wavelength Xm cor- 
responding to a particular channel while adding another 

25 optical signal having the same wavelength as that of the 
dropped optical signal, that is, a wavelength Xm', to the 
particular channel. That is, the add/drop element is 
widely used in WDM systems for separation and addi- 
tion of a particular channel. 

30 [0052] Fig. 4 is a schematic diagram illustrating the 
basic configuration of a 4-port add/drop device imple- 
mented by a conventional WDM thin film filter, This 
4-port add/drop device uses two constitutive elements 
respectively adapted to transmit an optical signal of a 

35 particular band and to reflect an optical signal of another 
particular band. Basically, the 4-port add/drop device 
has reversible operation characteristics. In conventional 
WDM systems, the operation principle of the 4-port add/ 
drop device is frequently used to separatean optical sig- 

40 nal of a particular wavelength from forward or backward 
optical signals of different wavelengths traveling 
through an optical fiber, or to add the optical signal to 
the forward or backward optical signals (here, the re- 
flected optical signal may be used for transmission 

45 whereas the transmitted optical signal for reception). 
Thus, the above mentioned conventional WDM-PON 
systems use different channel wavelengths for up and 
down-links. 

[0053] Fig. 5 illustrates the configuration of an add/ 
50 drop device of a new type configured by use of add/drop 
elements shown in Fig. 4 to perform a self-healing func- 
tion in a WDM PON system in accordance with the 
present invention. 

[0054] Referring to Fig. 5, the add/drop device has a 
55 4-port add/drop device with two WDM thin film filters. 
However, each WDM thin film filter has a configuration 
adapted to use the same wavelength for up and down- 
links of an associated channel. That is, both the up and 
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down-linking operations of each channel can be 
achieved using only one WDIVI filter because the same 
wavelength is used for both the up and down-links of the 
channel. In conventional cases, two WDM filters should 
be used because different wavelengths are used for up 
and down-links at an associated channel, respectively. 
For the same function, however, only one WDM filter is 
used, so that it is possible to reduce the costs by half, 
as compared to the conventional WDM systems. 
[0055] In accordance with the present invention, two 
WDIVI fiiters 201 and 202 having the same function are 
used, as shown in Fig. 5. One WDM fiiter, that is, the 
WDM filter 201, is used for a clockwise channel to be 
normally used, whereas the other WDM filter, that Is, the 
WDM filter 202 is used for a counter-clockwise channel 
to be used for a seif-healing purpose. The traveling di- 
rection of optical signals in the WDM filter 201 fora nor- 
mai purpose is opposite to that of optical signals In the 
WDM fiiter 202 for a self-healing purpose. 
[0056] That is, the add/drop elements of the present 
invention are defined for clockwise and counter-clock- 
wise channels in accordance with the traveling direction 
of WDM channel signals, respectively. If the add/drop 
element for a clockwise channel is normally used, then 
the add/drop element for a counter-clockwise channel 
is used for a seif-hoaiing function to be carried out when 
fiber switching occurs due to disaster or other accidents. 
While one of the add/drop elements operates, the other 
add/drop element does not operate. Since each add/ 
drop element of the present invention applies the same 
wavelength to both the forward and backward channels, 
it is possible to perform separation and addition func- 
tions at respective drop and add ports for both the for- 
ward and backward signals, as compared to conven- 
tional cases. That Is, the add/drop element uses the 
same wavelen gth for both the forward and backward op- 
tical signals, and serves to drop and add forward and 
backward optical signals of a particular wavelength with 
respect to transmitting and receiving modules through 
a single optical fiber and a 1x2 splitter 
[0057] In the WDM filter 201 , WDM channel signals 
travel in a clockwise direction. This WDM filter 201 se- 
lectively drops an optical signal having a particular 
wavelength Xm from optical signals of different wave- 
lengths inputted to its first input port, to its drop port in 
accordance with a reflection operation thereof, while 
transmitting the optical signals of the remaining wave- 
lengths. Reversibly, the WDM filter 201 reflects an opti- 
cal signal having the particular wavelength Xm inputted 
to its drop port toward its first input port. That is. the 
WDM filter 201 uses the same wavelength for transmis- 
sion and reception of optical signals at a particular chan- 
nel. 

[0058] In the WDM filter 202, WDM channel signals 
travel in a counter-clockwise direction. Similarly to the 
WDM filter 20 1 , the WDM fiiter 202 uses the same wave- 
length for transmission and reception of optical signals 
at the particular channel. That is, the WDM filter 202 se- 



lectively drops an optical signal having a particular 
wavelength Xm from optical signals of different wave- 
lengths inputted to its second input port, to its add port 
in accordance with a reflection operation thereof, while 

5 transmitting the optical signals of the remaining wave- 
lengths. Reversibly, the WDM filter 201 reflects an opti- 
cal signal having the particular wavelength Xm inputted 
to its add port toward its second input port. 
[0059] Thus, the 4-port add/drop device of the present 

10 invention includes two WDM filters, one of which, that 
is, the WDM filter 201 , is used for a normal purpose, with 
the other WDM filter, that is, the WDM filter 202, being 
used as a redundancy element for a self-healing pur- 
pose. 

15 [0060] Since the system according to this embodi- 
ment of the present invention has a seif-healing function 
while implementing a single fiber ring network, as de- 
scribed above, it is possible to reduce the fiber construc- 
tion costs by half, as compared to conventional ring sys- 

20 tems. It is also possible to reduce the costs required to 
construct the WDM filters by half, as compared to the 
costs required to construct a conventional WDM archi- 
tecture, because the same wavelength is used for up 
and down-links of each channel. 

25 [0061] Fig. 6 illustrates the architecture of a bi-direc- 
tional single fiber ring type WDM PON system according 
to the present invention in which the add/drop device of 
Fig. 5 is used. As shown in Fig. 6, this system includes 
a central office CO for generating optical signals of N 

30 different wavelengths, multiplexing the optical signals 
through a muiitpiexer, and transmitting the resultant 
multiplexed optical signal to N remote nodes RN1 to 
RNn via a single optical fiber, respectively. The central 
office GO also receives a. multiplexed optical signal of 

35 different wavelengths from respective remote nodes 
RN1 to RNn, demultiplexing the received optical signal 
through a demultiplexer, and detecting data of respec- 
tive ONUs from the resultant demultiplexed optical sig- 
nals. The system also includes the remote nodes RN1 

40 to RNn as its constitutive element. The remote nodes 
Rfv] are connected to the central office CO through a sin- 
gle optical fiber while being connected to a plurality of 
ONUs through optical fibers, respectively. 
[0062] The central office CO includes a plurality of 1 x2 

45 couplers (or splitters) respectively corresponding to the 
N different wavelengths, and two WDM multiplexers/de- 
multiplexers, that is, first and second WDM multiplexers/ 
demultiplexers MUX1 and MUX2. The first multiplexer/ 
demultiplexer MUX1 is used for a normal purpose, 

50 whereas the second mulitplexer/demultiplexer MUX2 is 
used for a self-healing purpose. That is, the first multi- 
plexer/demultiplexer MUX1 multiplexes a plurality of op- 
tical signals with different wavelengths, and transmits 
the resultant multiplexed optical signal to one of the 

S5 WDM fiiters included in each add/drop device used in 
each remote node RN, that is, the WDM fiiter 201 . The 
first multiplexer/demultiplexer MUX1 also receives an 
optical signal of a particular wavelength reflected from 



8 



15 



EP 1 388 963 A2 



16 



the WDM filter 201 . Similarly, the second multiplexer/ 
demultiplexer MUX2 multiplexes a plurality of optical 
signals with different wavelengths, and transmits the re- 
sultant multiplexed optical signal to the other WDM filter 
Included in each add/drop device of each remote node 
RN, that is, the WDM filter 202. The second multiplexer/ 
demultiplexer MUX2 also receives an optical signal of a 
particular wavelength reflected from the WDM filter 202. 
[0063] Each remote node RN is connected between 
the central office CO and an associated one of ONUS. 
The remote node RN uses a passive optical element for 
performing WDM multiplexing/demultiplexing opera- 
tions to demultiplex a multiplexed optical signal of dif- 
ferent wavelengths outputted from the central office CO 
so as to transmit the resultant demultiplexed optical sig- 
nals to respective ONUs In accordance with the wave- 
lengths, while multiplexing WDM channels of different 
wavelengths outputted from respective ONUs so as to 
transmit the resultant multiplexed optical signal to the 
central office CO. 

[0064] The number of remote nodes corresponds to 
the number of subscribers. These remote nodes RN1 to 
RNn construct a bi-directional ring type distribution net- 
worlc. Each remote node RN is equipped with an add/ 
drop device having a configuration as shown in Fig. 5. 
[0065] Each remote node RN is assigned a particular 
wavelength different from those of other remote nodes. 
The remote node RN drops an optical signal with the 
assigned wavelength from an optical signal with a plu- 
rality of wavelengths inputted thereto, and then trans- 
mits the dropped optical signal to the associated ONU. 
The remote node RN also passes the optical signal with 
the remaining wavelengths. That is, each remote node 
communicates with the central office, using only an op- 
tical signal with the wavelength assigned thereto. 
[0066] In the fiber ring shown In Fig. 6, the signal 
transmission direction thereof corresponds to a clock- 
wise direction or a counter-clockwise direction. 
[0067] In a normal state, the WDM filter 201 of each 
add/drop device operates to transmit an optical signal 
in a clockwise direction. On the other hand, in a self- 
healing state, the WDM filter 202 of each add/drop de- 
vice operates to transmit an optical signal in a counter- 
clockwise direction. Thus, it is possible to Implement a 
single fiber bi-directional WDM PON system having a 
self-healing function. 

[0068] Basically, in accordance with the present in- 
vention, channels having a normal operation function, 

that is, clockwise channels, are normally used, whereas 
channels having a self-healing function for the system 
switched due to disaster or other accidents are main- 
tained in a redundant state. 

[0089] In a down-linking operation for operations in a 

normal state, optical signals of different channels are 
coupled to respective optical fibers via respective 1x2 
couplers in the central office CO, and then transmitted 
to a transmission fiber via the first WDM multiplexer/de- 
multiplexer MUX1 , in the form of a multiplexed optical 



signal. 

[0070] When the multiplexed optical signal traveling 
through the transmission fiber passes through the add/ 
drop device of each remote node RN, the optical signal 

5 with a channel associated with the remote node RN is 
reflected from the WDM filter201 of the add/drop device, 
so that It Is dropped. This dropped optical signal is In- 
putted to a receiving terminal of the associated subscrib- 
er (or ONU) via a 1x2 coupler, for example, a 3dB cou- 

10 pier. Thus, transmission of an optical signal to the asso- 
ciated subscriber Is achieved. 
[0071] On the other hand, in an up-llnking operation, 
an optical signal transmitted from each channel (sub- 
scriber or ONU) is coupled to the WDM filter 201 of the 

15 add/drop device equipped in the associated remote 
node RN through the associated 1 x2 coupler, and then 
added to an optical signal traveling through the trans- 
mission fiber. The resultant optical signal is then trans- 
mitted to the central office CO via the transmission fiber. 

20 The transmitted optical signal is reversibly split into op- 
tical signals of different channels associated with re- 
spective subscribers or ONUS through the first WDM 
multiplexer/demultiplexer MUXi, The optical signal of 
each channel is then linked to an associated receiving 

25 terminal of the central office CO through the associated 
1 x2 coupler That is, the central office CO demultiplexes 
a multiplexed optical signal so as to detect data in the 
unit of channels. 

[0072] Meanwhile, the down and up-linking opera- 
30 tions using redundancy channels in a system-switched 
state are carried out in the same manner as the above 
described procedure. Of course, in this case, optical sig- 
nals travel in the opposite direction to that of the normal 
state. Also, the second WDM multiplexer/demultiplexer 
35 MUX2 of the central office CO and the WDM filter 202 
of the add/drop device equipped in each remote node 
RN are used. 

[0073] Basically, each node requires two transmitter/ 
receiver (Tx/Rx) modules for each channel wave- 

40 lengths. 

[0074] Sucli a network architecture has logical bus 
type topologies for clockwise and counter-clockwise 
channels, respectively. Accordingly, this architecture is 
a basic archrtecture of Ethernet, so that it is applicable 
45 to an Ethernet system. That is, an Ethernet system can 
be implemented by using the two bus type topologies in 
an Ethernet. 

[0075] Accordingly, the ring type WDM PON system 

according to this embodiment of the present invention 
50 can effectively reduce the fiber Installation costs where 
the distance between subscribers is long, 
[0076] Although conventional single fiber bi-direction- 
al WDM PON systems use different wavelengths forfor- 
ward and backward channels, respectively, so that they 
55 require separate multiplexers/demultiplexers for the for- 
ward and backward channels, respectively, the WDM 
PON system according to this embodiment of the 
present invention uses the same wavelength for fonward 
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and backward channels. Accordingly, the multiplexer/ 
demultiplexer of the central office can bereversibly used 
for both the forward and backward channels, so that it 
is possible to considerably reduce the system construc- 
tion costs. Although the central office use two multiplex- 
ers/demultiplexers in accordance with the present In- 
vention, they are adapted for normal and self-healing 
functions, respectively. For example, where only the 
normal function is required, only one multiplexer/demul- 
tiplexer may be used In accordance with the present In- 
vention, as compared to conventional cases in which 
two multiplexers/demultiplexers should be used for for- 
ward and backward channels, respectively 
[0077] For example, In conventional single fiber bi-di- 
rectional WDM PON systems using WDIVI filters, two 
WDM filters should be used to implement a multiplexer/ 
demultiplexer for detection of optical signals at each re- 
ceiving node (subscriber site). In accordance with the 
present invention, however. It Is possible to implement 
a mulltplexer/demultiplexer using only one WDM ele- 
ment because the same wavelength Is used for both the 
forward and backward channels. Accordingly, it is pos- 
sible to reduce the multiplexing/demultiplexing costs by 
half, as compared to conventional WDM systems. 
[0078] Also, the add/drop device equipped In each re- 
mote node can be used not only for the forward and 
backward channels, but also for both the channels of a 
nomial purpose and the channels of a self-healing pur- 
pose. Accordingly, the system construction costs can be 
considerably reduced. 

[0079] Thus, it Is possible to Implement a WDM PON 
system using more expensive modules while having a 
high stability In accordance with the present Invention. 
[0080] Fig. 7 illustrates the configuration of a 3-port 
add/drop device In accordance with another embodi- 
ment of Ihe present Invention, This add/drop device is 
implemented using a single WDM thin film filter. This 
WDM thin film filter Is configured to receive an optical 
signal having a plurality of different wavelengths at its 
first port Port 1 , to reflect a wavelength component of 
the received optical signal corresponding to the charac- 
teristics of the filter toward Its second port Port 2, and 
to transmitthe remaining wavelength components of the 
received optical signal to its third port Port 3. The WDM 
thin film filter also reflects an optical signal having the 
wavelength corresponding to the characteristics of the 
filter. Inputted to its drop port (Port 2), toward its Input 
port (Port 1). 

[0081] That is, the single WDM thin film filter shown 
in Fig, 7, which implements an add/drop device, selec- 
tively drops an optical signal of a particular wavelength 
Xm, inputted to Its first port Port 1 , to Its drop port (Port 
2) in accordance with a reflection operation thereof, 
while transmitting optical signals of other wavelengths, 
Reversibly, the WDM thin film filter reflects an optical 
signal of the particular wavelength km. Inputted to its 
drop port (Port 2), toward Its Input port (Port 1). 
[0082] Thus, the add/drop device according to this 



embodiment of the present invention reduces the con- 
struction costs by half, as compared to conventional 
cases, because It uses only one WDM thin film filter. 
[0083] Referring to Fig. 7, it can be seen that dropped 
s and added optical signals travel In opposite directions, 
respectively, as compared to conventional cases in 
which dropped and added optical signals of a particular 
channel travel In thesamedlrectionth rough an add/drop 
device. 

10 [0084] Fig. 8 Illustrates the configuration of a bus type 

WDM PON system using the 3-port add/drop device of 
Fig. 7 in accordance with the present invention. 
[0085] As shown in Fig. 8, the system includes a cen- 
tral office CO which Includes 1x2 couplers (or splitters), 

15 and a WDM multiplexer/demultiplexer (MUX/DEMUX). 
The central office CO generates optical signals of differ- 
ent wavelengths, multiplexes the optical signals, and 
transmits the resultant multiplexed optical signal 
through a single optical fiber. The central office CO also 

20 demultiplexes a multiplexed optical signal inputted 
thereto, thereby detecting data transmitted from respec- 
tive remote nodes RN1 to RNn or respective subscrib- 
ers, 

[0086] The add/drop device shown in Fig. 7 is 
25 equipped In each remote node RN. The add/drop device 
drops an optical signal having a wavelength corre- 
sponding to a particular subscriber, and transmits the 
dropped optical signal to the particular subscriber. The 
add/drop device also adds an optical signal transmitted 
30 from the particular subscriber, and reflects the resultant 
optical signal to its input port so as to transmitthe optical 
signal to the central office CO. In this case, the same 
wavelength Is used for both forward and backward 
channels. 

35 [0087] In a down-linking operation, optical signals of 
different channels are coupled to respective single op- 
tical fibers via respective 1x2 couplers in the central of- 
fice CO, and then transmitted to a transmission fiber via 
the WDM MUX/DEMUX, In theform of a multiplexed op- 

40 tical signal. 

[0088] When the multiplexed optical signal traveling 
through thetransmisslon fiber passes through the 3-port 
add/drop device of each remote node RN, the optical 
signal with a channel associated with the remote node 

45 RN is dropped. This dropped optical signal is inputted 
to a receiving terminal of the associated subscriber (or 
ONU) via a 1x2 coupler, for example, a 3dB coupler, 
Thus, transmission of an optical signal to the associated 
subscriber is achieved. 

50 [0089] On the other hand, in an up-llnking operation, 
an optical signal transmitted from each channel (sub- 
scriber orONU) Is coupled to the 3-port add/drop device 
equipped in the associated remote node RN through the 
associated 1x2 coupler, and then added to an optical 

55 signal traveling through the transmission fiber. The re- 
sultant optical signal Is then transmitted to the central 
office CO via the transmission fiber. The transmitted op- 
tical signal is reversibly split into optical signals of differ- 
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ent channels associated with respective subscribers or 
ONUS through the WDM IVIUX/DEIVIUX. The opticai sig- 
nal of each channel is then linl<ed to an associated re- 
ceiving ternninal of the central office CO through the as- 
sociated 1x2 coupler. That is, the central office CO de- 
muitipiexes a muitipiexed optical signal so as to detect 
data in the unit of channels. 

[0090] Accordingly, the bus type WDM PON system 
according to this embodiment of the present invention 
can effectively reduce the fiber installation costs where 
the distance between subscribers is long. 
[0091 ] Although conventional single fiber bi-direotion- 
ai WDM PON systems use different wavelengths for for- 
ward and bacl<ward channels, respectively, so that they 
require separate multiplexers/demultiplexers forthe for- 
ward and bacl<ward channels, respectively, the WDM 
PON system according to this embodiment of the 
present invention uses the same wavelength forforward 
and backward channels. Accordingly, the multiplexer/ 
demultiplexer of the central office can be reversibly used 
for both the forward and backward channels; so that it 
is possible to considerably reduce the system construc- 
tion costs. 

[0092] Also, in conventional single fiber bi-directional 
WDM PON systems using WDM filters, two WDM filters 

should be used to implement a muitipiexcr/dcmultiplcx- 
er for detection of opticai signals at each receiving node 
(subscriber site). In accordance with the present inven- 
tion, however, it is possible to implement a muiitpiexer/ 
demultiplexer using only one WDM element because 
the same wavelength is used for both the forward and 
backward channels. Accordingly, it is possible to reduce 
the multiplexing/demultiplexing costs by half, as com- 
pared to conventional WDM systems. 
[0093] Thus, it is possible to Implement a WDM PON 
system using more expensive modules while having a 
high stability in accordance with the present invention. 
[0094] As apparent from the above description , in ac- 
cordance with the present invention, it is possible to 
achieve transmission and reception of data on each 
channel at the same wavelength. Accordingly, there is 
an advantage in that it is possible to efficiently and eco- 
nomically implement a WDM PON system, as compared 
to conventional PON systems in which separate multi- 
plexers and separate demultiplexers should be used for 
forward and backward optical signals, respectively, be- 
cause the forward and backward optical signals have 
different wavelengths for each channel. 
[0095] Also, inexpensive Fabry-Perot laser diodes 
(F-P LDs) are used as respective light sources of a cen- 
tral office and each ONU in accordance with the present 
invention, so that the system construction costs can be 
considerably reduced, as compared to conventional op- 
ticai networks using expensive laser diodes as light 
sources. 

[0096] In accordancewiththepresent invention, a sin- 
gle fiber bi-directional ring architecture having a self- 
healing function is implemented using add/drop devices 



each using the same wavelength forfonward and back- 
ward optical signals at an associated channel, and with- 
out using any complex optical elements. Accordingly, it 
is possible to implement a self-healing function at each 
s node without using any active equipment. As a result, it 
is possible to obtain characteristics expected when us- 
ing a PON architecture, that is, effects of easy mainte- 
nance and repair, and reduced implementation costs. 
[0097] Since the same wavelength is used for forward 
and backward optical signals at each WDM channel, it 
is possible to reversibly use WDM-based elements. Ac- 
cordingly, a considerable reduction in system imple- 
mentation costs is achieved, as compared to conven- 
tional systems. 

[0098] Also, it is possible to reduce the fiber installa- 
tion costs, and to implement an inexpensive metro sys- 
tem and FTTH (Fiber-To-The-Home) by using a ring ar- 
chitecture in a metro Ethernet area where subscribers 
are widely distributed without being concentrated. 
[0099] In addition, the same wavelength is used for 
forward and backward optical signals at each channel, 
by use of a 3-port add/drop device, in accordance with 
the present invention. Accordingly, the muitipiexing/de- 
multiplexing costs required in the central office is re- 
duced by half because a single multiplexer/demultiplex- 
er can be used for both the forward and backward optical 
signals. Where a bus type WDM PON system is imple- 
mented using the 3-port add/drop device for each chan- 
nel in accordance with the present invention, it is possi- 
ble to more efficiently reduce the fiber installation costs 
in an area where subscribers are widely distributed. 
[0100] Although the preferred embodiments of the in- 
vention have been disclosed for illustrative purposes, 
those skilled in the art will appreciate that various mod- 
ifications, additions and substitutions are possible, with- 
out departing from the scope and spirit of the invention 
as disclosed in the accompanying claims. 



Claims 

1 . A wavelength division multiplexing passive optical 
network (WDM PON) system comprising: 

a central office for generating optical signals of 
different wavelengths, multiplexing the gener- 
ated optical signals, and outputting the result- 
ant multiplexed optical signal to an optical com- 
munication line, the central office receiving an 
optical signal having the same wavelengths as 
those of the generated opticai signals, and de- 
multiplexing the received optical signal; 
a remote node for demultiplexing the optical 
signal transmitted from the central office via the 
optical communication line, and outputting the 
resultant demultiplexed opticai signals to dis- 
tributed optical communication lines, respec- 
tively, the remote node multiplexing optical sig- 
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nals respectively transmitted from the distribut- 
ed optical communication lines, and outputting 
the resultant multiplexed optical signal to the 
optical communication line; and 
a plurality of optical network units for receiving s 
the optical signals transmitted from the remote 
node via the distributed optical communication 
lines, respectively, each of the optical network 
units generating an optical signal having the 
same wavelength as that of the optical signal io 
received thereto, and transmitting the generat- 
ed optical signal to the remote node through an 
associated one of the distributed optical com- 
munication lines. 

15 

2. The WDM PON system accordingto claim 1, where- 
in the central office comprises: 

a plurality of first transmitters for generating 
and outputting optical signals of different wave- 20 

lengths, respectively; 

a plurality of first receivers for receiving optical 
signals having the same wavelengths as those 
of the optical signals outputted from the first 
transmitters, respectively;. 25 
a first multlplexer/demultiplexerfor multiplexing 
the optical signals respectively outputted from 
the first transmitters, and outputting the result- 
ant multiplexed optical signal, the first multi- 
plexer/demultiplexer demultiplexing the multi- so 
plexed optical signal transmitted from the re- 
mote node, and outputting the resultant demul- 
tiplexed optical signals; and 
a plurality of first optical splitters for distributing 
the demultiplexed optical signals outputted 35 
from the first multiplexer/demultiplexer to re- 
spective first transmitters and respective sec- 
ond transmitters. 



multiplexer/demultiplexer multiplexing the opti- 
cal signals respectively transmitted from the 
optical network units, and transmitting the re- 
sultant multiplexed optical signal to the central 
office. 

6. The WDM PON system according to claim 1 , where- 
in each of the optical network units comprises: 

a second transmitter for generating and output- 
ting an optical signal having the same wave- 
length as that of an associated one of the de- 
multiplexed optical signals outputted from the 
remote node; 

a second receiver for receiving the associated 
optical signal outputted from the remote node; 
and 

a second optical splitter for distributing the as- 
sociated optical signal outputted from the re- 
mote node to the second transmitter and the 
second receiver. 

7. The WDM PON system accordingto claim 6, where- 
in the second transmitter is lnjection-locl<ed by the 
associated optical signal distributed by the second 
optical splitter. 

8. TheWDM PONsystemaccordingtoclalm6, where- 
in the optical signal outputted from the second 
transmitter has the same wavelength as that of an 
associated one of the optical signals generated 
from the central office. 

9. The WDM PON system according to claim 1 , further 
comprising: 

a bi-directional optical amplifier installed on the 
optical communication line. 



3. TheWDM PON system accordingto claim 2, where- 
in each of the first transmitters is injection-locked by 
the optical signal distributed by an associated one 
of the first optical splitters. 

4. TheWDM PON system accordingto claim 2, where- 
in the optical signals outputted from the first trans- 
mitters have the same wavelengths as those of the 
optical signals transmitted from the remote node, 
respectively. 

5. The WDM PON system accordingto claim 1 , where- 
in the remote node comprises: 

a second multiplexer/demultiplexer for demul- 
tiplexing the multiplexed optical signal transmit- 
ted from the central office, and transmitting the 
resultant demultiplexed optical signals to the 
optical network units, respectively, the second 



40 10. A ring type wavelength division multiplexing pas- 
sive optical network (WDM PON) system compris- 
ing: 



a central office including a first multiplexer/de- 
45 multiplexer adapted to perform a multiplexing/ 

demultiplexing operation for normal signals to 
be used In a normal state, and a second multi- 
plexer/demultiplexer adapted to perform a mul- 
tiplexing/demultiplexing operation self-healing 
50 signals to be used for a self-healing purpose, 

the central office generating optical signals of 
N different wavelengths, each of the first and 
second multiplexers/demultiplexers multiplex- 
ing the generated optical signals, and transmit- 
55 ting the resultant multiplexed optical signal to 

optical network units through a single optical 
fiber, while demultiplexing a multiplexed optical 
signal received from the single optical fiber. 
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thereby detecting data generated from the op- 
tical network units; and 
remote nodes respectively including bi-direc- 
tional add/drop devices connected to respec- 
tive optical networl< units, the remote nodes es- s 
tablishing a ring type distribution network in co- 
operation with tine first and second multiplex- 
ers/demultiplexers of the central office, each of 
the bi-directional add/drop devices Including 
first and second WDM filters respectively hav- io 
Ing opposite signal travel directions, the first 
WDM filter performing an add/drop operation 
for associated ones of the normal signals, the 
second WDM filter performing an add/drop op- 
eration for associated ones of the self-healing is 
signals. 



11. The ring type WDM PON system according to claim 
1 0, wherein theflrst multiplexer/demultiplexer of the 
central office perfonns the same multiplexing/de- 
multiplexing operation forthe normal signals in both 
cases In which the normal signals travel in forward 
and backward directions, respectively. 

12. The ring type WDM PON system according to claim 
1 0, wherein the first multiplexer/demuitipioxcr of the 
central office perfonns the same multiplexing/de- 
multiplexing operation forthe self-healing signals in 
both cases In which the self-healing signals travel 
In forward and backward directions, respectively 

13. The ring type WDM PON system according to claim 
10, wherein each WDM filter included in each bi- 
directional add/drop device drops an optical signal 
having a selected wavelength from optical signals 
of N different wavelengths inputted to an input port 
thereof, to a drop port thereof In accordance with a 
reflection operation thereof, and transmits the opti- 
cal signals of the remaining wavelengths through 
an output port thereof, while reverslbly reflecting an 
optical signal having the selected wavelength Input- 
ted to the drop port toward the Input port to output 
the reflected optical signal to the central office. 

14. A bus type wavelength division multiplexing passive 
optical network (WDM PON) system including a 
central office, and a remote node connected to the 
central office via a single optical fiber while being 
connected to a plurality of optical network units via 
optical fibers, respectively, 

wherein the central office generates optical 
signals of N different wavelengths, multiplexes the 
generated optical signals through a multiplexer, 
transmits the resultant multiplexed optical signal to 
the remote node through the single optical fiber, re- 
ceives a multiplexed optical signal from the remote 
node, and demultiplexes the received multiplexed 
optical signal through a demultiplexer, thereby de- 



tecting data generated from the optical network 
units; and 

wherein the remote node Includes bl-direc- 
tlonal add/drop elements connected to respective 
optical network units, thereby establishing a bus 
type distribution network, each of the bi-directional 
add/drop elements drops an optical signal having a 
selected wavelength from optical signals of N differ- 
ent wavelengths Inputted to an In put port thereof, to 
a drop port thereof In accordance with a reflection 
operation thereof, and transmits the optical signals 
of the remaining wavelengths through an output 
port thereof, while reversibly reflecting an optical 
signal having the selected wavelength inputted to 
the drop port toward the Input port to output the re- 
flected optical signal to the central office. 

15. The bus type WDM PON system according to claim 
10, 

20 wherein the multiplexing/demultiplexing operation 
of the central office is carried out in the same man- 
ner In both cases in which optical signals travel in 
forward and backward directions, respectively. 

16. The bus type WDM PON system according to claim 
14, wherein each of the add/drop element Is a WDM 
thin film filter having an input port, an output port, 
and a drop port, the WDM thin film filter dropping an 
optical signal having a selected wavelength from 
optical signals of N different wavelengths inputted 
to the Input port thereof, to the drop port thereof in 
accordance with a reflection operation thereof, and 
transmitting the optical signals of the remaining 
wavelengths through the output port thereof, while 
reverslbly reflecting an optical signal having the se- 
lected wavelength Inputted to the drop port thereof 
toward the Input port. 
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FIG. 3 
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FIG. 6 
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